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group, but from evidence which I have recently collected, I am convinced that not only are the general public unaware of the serious position in many European countries, but also a large proportion of the medical profession, in spite of the attention recently devoted to this subject in leading medical journals, still regard undulant (or Malta) fever as a tropical or subtropical disease of historical rather than practical interest. How far the veterinary profession is aware of the menace to human health from the organism causing that familiar disease of cattle, contagious abortion, it is not for me to say.
For these reasons, then, I shall review the facts which compel one to regard Brucella infections in man and animals as deserving the serious attention of the hygienist, the medical or veteriniary practitioner and the statesman. Undulant (or Malta) fever, which was regarded thirty years ago as a subtropical disease almost entirely confined to the Mediterranean littoral and islands, has now been recognized in every continent except Australia, and under climatic conditions ranging from those of Alaska to those of equatorial Africa. Moreover, the disease, or its recognition, is still steadily extending. I believe that in every country in which a serious effort has been made to detect the disease, its recognition has promptly followed. Recent striking instances are Denmark, Sweden, Holland, Switzerland, Canada, and Germany.
In Denmark the presence of Brucella infection in man was unknown until systematic investigations, by means of the agglutination test, were made yet 500 cases were discovered in the first twenty-three months, and more are continually being found. Kristensen tells me that the figures for January 1 to September 30, 1928 , were 313 cases, and for the corresponding period of this year 395 cases. In the United States, where the search began earlier, at least 350 cases of undulant fever (according to Hardy) had been reported up to August, 1928 July, 1928 . In France, too, human cases of Brucella infection are known to be very numerous, the melitensis variety being apparently nearly always concerned. In the United States, Denmark, and Sweden, undulant fever appears to be a good deal commoner than enteric fever.
In view of such discoveries in neighbouring countries, can we afford to continue in ignorance of our true position in this country ?
What is known of the disease in England and Wales ? An exhaustive examination of the literature which I recently carried out for the Ministry of Health revealed records of only fourteen cases in which the disease is supposed to have been contracted in this country. While my report was in the press one other case was published, but during the last year or so I have received information with regard to a number of other cases, several of which I have seen but which have not been recorded, and I have no doubt that other unpublished cases are known. It has, then, been established that cases, apparently of endemic origin, do occur in this country, though only systematic investigations can give us any idea of their number.
In Malta, the Royal Society's Commission on Mediterranean fever showed in their classical investigations, that the goat was the cause of all the trouble; this animal is still responsible in some Mediterranean countries, the southern part of the United States and elsewhere, but in many countries its role has now been stolen bv the cow. Strenuous efforts have been made to exculpate the cow, but in the opinion of most observers her guilt is now firmly established.
Besides the goat and the cow, several other animals, including the dog, pig, cat and sheep, have been shown to be capable of conveying the infection to man, the pig (in the United States) and the sheep (in France) being probably important sources of such infection. I hope that this meeting will make it quite clear that undulant fever, though not a very killing disease, is responsible, in countries where it is prevalent, for a great deal of ill-health and suffering; that it often makes life a misery for its victims for months or even years; and that to describe it, as was recently done in a daily paper, as " not a very serious disease " is grossly misleading.
PROBLEMS PRESENTED BY BRUCELLA INFECTIONS IN MAN AND ANIMALS.
(I) Transmission from Animals to Man.-Transmission by means of goat's milk has been generally accepted as a fact since Dr. Zammit's classical demonstration in 1905, the melitensis variety of the organism being of course concerned, but the proposition that the milk of cows infected with Bang's bacillus (Br. abortus) plays a similar r6le, did not meet with the same ready acceptance. I believe, however, that any unprejudiced observer who carefully examines the evidence now available on this point will be convinced of the reality of such a mode of transmission, but this does not mean that all the problems connected with this phenomenon have been elucidated. We must still ask ourselves in every case in which the cow appears to be implicated: " Has this infection been transmitted by drinking the infected milk, or by direct contact with the cow or with matter contaminated by its secretions or discharges, or has an infection originally derived from cattle, been transmitted direct from man to man ? " Kristensen, who has very thoroughly investigated the Danish cases, is now inclined to believe that though the infection in these cases was probably of bovine origin, yet in the majority-probably about 60%-some mode of transmission other than the consumption of infected milk, is indicated. Kling, on the other hand, tells me that he regards milk as the most probable source of infection in the Swedish cases. There are many cases in which the source and mode of infection are extremely difficult to determine, even when every facility for investigation is available. It is interesting to learn that in Denmark there is now a considerable Though a reverent follower of that great genius Pasteur, I cannot regard the mere destruction of Brucella in infected milk as an adequate defence against this danger, even if its application could be' made universal, which we know to be impossible, at any rate in this country. Infected milk is not the only means of attack, and any effective plan of defence must depend upon a thorough knowledge of the enemy's disposition and tactics a knowledge which we are still far from possessing. While diligently seeking for this further knowledge we shall be wise to assume that the very widespread infection of cattle in this country with Br. abortus constitutes at any rate a potential danger to' the community which can no longer be safely disregarded. How then can this danger be removed ?
The treatment of contagious abortion in cattle is a practical veterinary problem familiar to every veterinary practitioner, but so far, in this country, the object of such treatment has been not the protection of the public from Brucella infection but the protection of the farmer from serious financial loss. That these two aims are compatible can hardly be doubted, or that the veterinary profession as a whole, once it is alive to the issues involved, will join hands with the sister profession in a concerted effort to avert this danger or to remedy the evil which may be disclosed by further investigation. What are the weapons available for such a fight? The inoculation of cattle with living cultures of Br. abortuts and the elimination of reactors from herds, or, speaking more strictly, the redistribution of animals, guided by the agglutination reaction, so as to reduce the infection of susceptible animals to a minimum.
It is to the dangers incident upon vaccination with live cultures of abortus that I wish particularly to direct attention, and to this end I ask three questions:
(1) In view of the experiments performed by Carpenter and others in the United States in which cattle inoculated with living cultures of Br. abortuts were found to have become chronic carriers and to eliminate large numbers of the organism in their milk, can such treatment be justified from either an hygienic or a veterinary standpoint ?
(2) Supposing the use of live vaccines can be regarded as justifiable in certain circumstances, are they in fact always used for the purpose for which they were originally intended-namely as a prophylactic or are they not frequently used in a wrong manner-namely as a curative-this practice being encouraged by the farmer's ignorance of the fact that a cow does not usually abort more than once ?
(3) Is the use of live vaccines any longer necessary, in view of the success which has been attained in the United States, and on a smaller scale in'this country with the elimination of reactors from herds by means of the agglutination reaction ? The success of the latter method is testified to by the Committee on Infectious Abortion of the American Veterinary Medical Association, which states in its report that: " Testing Bang abortion disease out of a herd or unit and keeping it out is the only known, successful way to handle it." (III) The Origin and Relationships of the Different Members of the Brucella Group.-It is now generally accepted that this group has special characters, common to all its members, which entitle it to rank as a separate genus. Beyond this point, however, we launch out into a sea of controversy, some bacteriologists regarding the caprine, bovine, porcine strains (or alternatively melitensis, paramelitensis, abortus, para-abortus) etc., as perfectly distinct species, whilst others can find no constant criteria which justify them in regarding the different strains as more than varieties or subspecies of the same species, from which all can be derived by suitable treatment, or produced naturally therefrom under suitable conditions. A remarkable amount, of ingenuity has been exercised in the devising of tests, serological, biochemical, cultural, etc., by means of which a classification of the members of the group might be made. These tests appear to me inconclusive and contradictory, but it is too soon to pass a final judgment upon them. I do not doubt thata competent bacteriologist can devise more or less satisfactory means for distinguishing the principal varieties of the organism with which he normally has to deal, but how far does such a classification apply to the varieties encountered elsewhere? Burnet, one of the most experienced and careful workers in this field, reports that he has succeeded in modifying abortus strains, by the action of various factors, such as immune sera, antiseptics, bile, quinine, etc., so as to confer upon them all the properties regarded as characteristic of paramelitensis strains. Abortus he regards as the primitive type of the Brucella group from which both melitensis and paramelitensis have been derived by the modification resulting from passage through the goat. This question of the origin of the different members of the group is very interesting and, I think, important, because of the light that its elucidation must throw upon the mode of spread of Brucella infections in man and animals. It is a problem which has, however, been very little explored. The view expressed by Professor Eyre in his Milroy Lectures in 19081 that "melitensis septicomia," or as we should now call it, undulant fever, is primarily a disease of the goat, and has accompanied this animal on its world-wide wanderings, has been endorsed by Charles Nicolle, Strachan, Young, and others. But what is the original connection between melitensis infection in goats and abortus infection in cattle; did the goat infect the cow, or the cow the goat, or were both originally infected from a common but unknown source ? (IV) Imnmunity to Brucella Infections.-Of this aspect of Brucella infections little is known at present. Is there ever a natural immunity to this infection in man or animals ?
As regards cattle, there is the interesting fact that a calf born of an infected mother is not usually born infected, though the chorion may be swarming with Bang's bacilli. Moreover, Schroeder and Huddleson have shown that all calves appear to be rather resistant to the infection, at any rate for the first three to five months of their lives, and the same appears to be true of kids born of goats infected with melitensis.
Children appear to enjoy a partial immunity of the same kind, those under 6 years of age being seldom affected. This is especially interesting in view of the fact that such immunity is found in countries or districts where a considerable portion of the milk supply is known to be contaminated with abortus and one would therefore have expected the children to be more prone to such infection than the adults who, presumably, drink less milk. There is some reason to believe that the children do, in fact, become infected, such infections being too slight to cause recognizable disease, but sufficient to produce some degree of immunity, as positive agglutination and complement-fixation tests for abortus have been obtained with from 6% to 17% of the bloods of different series of children examined.
Is there any evidence as to the duration of such immunity inherited or secretly acquired (i.e., without recognizable symptoms of disease) in childhood ? I hope that information on this point will be forthcoming. The other point that requires elucidation is whether any lasting immunity is conferred by an attack of undulant fever. Sir Percy Bassett-Smith considere(d that though the evidence of Bruce, Hughes and Eyre showed that some protection was afforded by a previous attack, yet this immunity must be only slight, as second infection undoubtedly occurs. I should like to take this opportunity of paying a tribute to the memory of this able and charming pioneer, to whom all workers in this field owe a great debt of gratitude and under whom I had the privilege of working for a short period.
In conclusion, I hope that this discussion will achieve the important purpose of rousing such an interest in this subject among the members of our professions in general, that large numbers of new workers may join us in this fascinating field. We all hope that systematic investigations may prove that England enjoys a peculiar freedom from undulant fever, but I for one should be pleasantly surprised by such a result. In any case the great problem of contagious abortion cries out for solution, and until this disease has been eradicated a potential danger to the human population will always remain.
Dr. J. T. Duncan: Since the last combined discussion on Brucella infections held by this Society, nearly five years ago,' the case against Br. abortus as a cause of disease in man has been proved clearly in a great number of counts, and both bovine and porcine varieties of the species have been implicated.
The widespread distribution of the disease brings it within the field of the practising physician in nearly all countries in which epizootic abortion of domestic stock occurs, and for this reason I shall chiefly consider some of the difficulties which confront us in making the bacteriological diagnosis of the disease.
Bacteriological Diagnosis.-Apart from t.he purely clinical features, the best diagnostic evidence is the recovery of the infecting organism from the blood or urine. In the case of abortus infections this is not always easy, frequently it is not possible, and, in consequence, the bacteriological diagnosis in the great majority of cases may depend upon the evidence of agglutination tests with the patients' serum. It is opportune to discuss the value of this test.
Firstly, a positive agglutination reaction, although good enough evidence of Brucella infection, is not, as some writers seem to believe, sufficient to enable us to identify the infecting species, even though the titre of agglutination for one species be higher than for the others. When the agglutinating titre is sufficiently high, more precise information may be obtained from absorption tests with the different species.
One of the chief difficulties in the serological diagnosis of the disease depends upon the alleged occurrence of non-specific reactions. Negre and Raynaud, in 1911, found that in a series of thirty-nine sera from persons presumed not to have suffered from undulant fever, twenty-two agglutinated Br. melitensis. These were regarded as non-specific reactions. Similar observations have been made by many other workers. It is significant that non-specific reactions are said to occur with sera from cases of tuberculosis and enteric fever, diseases in which milk often forms an important part of the diet. Five years before the time of N6gre and Raynaud's observation, Shaw, working on the Mediterranean Fever Coommission, examined the blood of 525 apparently healthy dock labourers in Malta and found that in seventy-nine cases the serum agglutinated melitensis. Twenty-two of the more promising positives were examined further and Br. melitensis was recovered from ten of them. I think that this demonstration of the existence of possibly latent infection throws considerable light on the later observations of Negre and Raynaud and others on so-called non-specific reactions. It must be borne in mind also that at this time abortus infection of man had not yet been recognized. . Another suggestion is that a feeble passive immunity acquired through drinking milk may cause positive serum reactions in uninfected persons; thus, Larsen and Sedgwick, in 1913, found that 17 per cent. of 425 sera from normal American children reacted positively with Br. abortus, and this reaction was definitely associated with drinking milk from infected cows. Cooledge and others obtained similar findings and concluded that the reactions were evidence not of active infection, but of a mild passive immunity caused by the absorption of antibodies for Br. abortus present in the cows' milk. If this were true, the value of serological tests in the diagnosis of Brucella infections must be very seriously prejudiced. The question as to whether the serum reactions occasionally met with in apparently healthy persons, depend upon passive or active immunization could be settled quite easily by feeding a group of selected subjects with milk rich in antibodies, but freed from all living Brucella, preferably by filtration. Experiments of this kind have been carried out recently by Carpenter. In one of his experiments, six healthy students whose blood showed no agglutinins for Br. abortus, drank daily for ten days a litre of pasteurized milk which had the unusually high titre of agglutination for Br. abortus of 1: 1,620. In no case did abortus agglutinins appear in the blood, which was tested in dilutions as low as 1: 3. It must be admitted, however, that the temperature of pasteurization (600 C. for one hour) would almost certainly destroy some of the agglutinins. Apparently Carpenter guarded against error by re-examining the milk after pasteurization. The experiment is worth repeating. In support of Carpenter's findings there seems to be some evidence that the incidence of human reactors to Br. abortus is lower in towns served with pasteurized milk than in those in which untreated milk is used.
I think enough has been said to cast some doubt on the importance of nonspecific reactions in the serological diagnosis of Brucella infections.
In the past, before abortus infection of man was recognized and non-specific reactions were thought to be common, different workers fixed the safe minimum diagnostic titre for the agglutination test at figures based on their individual experience. These titres varied from 1: 200 (recommended by Fici) to 1 :10 (recommended by Nicolle) ; the majority favoured titres of 1: 80 to 1: 100. At the present day a minimum titre of 1: 100 is required in the diagnosis of Br. abortus infections in Denmark.
Consider for a moment the maximum titres of agglutination which mlay be met with in proved undulant fever. Although titres of 1: 5,000, 1 10,000, or even 1: 20,000 are occasionally recorded, very low titres, as low as 1 40 or 1: 80, are not uncommon, and this is especially true in cases of severe infection. Burnet states that 20 per cent. of cases of undulant fever develop no agglutinins, and this experience has been confirmed by others.
It is clear, therefore, that by fixing the minimum diagnostic titre as high as 1: 100, serious omissions in diagnosis may follow. For example, in 296 cases included in a recent report only 11 sera gave agglutination titres for Br. abortus of 1 : 100 or over, 283 were under 1: 50, and 209 were 1: 15 or under. So that a minimum diagnostic titre as low as 1: 50 would have failed to detect 95 per cent. of these 296 cases.
Briefly, there is little reason to believe that non-specific reactions are of common occurrence. On the other hand, it is clear that latent infections may occur with marked agglutination reactions but no clinical symptoms, and also, occasionally, in clinically and bacteriologically proved cases of undulant fever the agglutination reaction may be very feeble or totally absent. In view of these facts I think it is necessary that we should revise our ideas of what may be accepted as the safe minimum diagnostic titre. Using trustworthy suspensions of the appropriate species and taking precautions to guard against error arising from the prozone phenomenon, I think a fairly low titre may be accepted with safety.
The agglutination tests should be carried out at a temperature of 37°C. to 400 C., maintained for a few hours, and final readings taken the following day. The common practice of heating the serum to 56°C. for thirty minutes, to destroy the so-called non-specific agglutinins, should be avoided; such a temperature may lower the titre of a specific serum or even, in rare cases, totally inactivate it.
Identification of Brucella Types.-Specific differences-if they can be called specific differences-are very slight and are apt to be inconstant. Morphologically, in most circumstances, the species are indistinguishable from one another, but under favourable conditions of cultivation, such as the early growth on a rich blood digest agar, the abortuts types may develop bacillary forms reaching a length of 2 * 00 ,u to 3 00 ja, while Br. melitensis remains coccal or very rarely exceeds 1x00 ,t in length.
Bang gave the length of B. abortus as up to 3 00 ,u, and this size is also given by Schroeder and Cotton, and Mohler and Traum, but Fabyan, with a great experience of Br. abortus, states that rarely did he find it to reach a length of I 50 Ft. It may be said, then, that a Brucella measuring 2O00 or 3 00 F in length is very probably, if not certainly, Br. abortus. Morphology is a feature which has received too little attention in the study of this group.
In contrast with the case of Br. melitensis, the primary cultivation of bovine Br. abortus is somewhat difficult and the organism requires an atmospheric carbon dioxide tension of 5 to 10 per cent. during a variable number of transfers. In its need of additional carbon dioxide, bovine Br. abortus differs from all the other Brucellas, including the porcine variety and the Rhodesian bovine strains. It is the inability of fresh strains of normal bovine Br. abortus to develop in unsealed tubes in ordinary air that distinguishes this variety. Therefore it is necessary, when attempting to cultivate the organism from man, to provide a suitable carbon dioxide environment for some of the cultures. If other methods fail, direct inoculation of guineapigs should, if possible, be resorted to.
In the identification of the Brucella species there are three differentiating methods in common use; these depend upon the liberation of hydrogen sulphide from media, the bacteriostatic action of certain dyes, and serological distinctions.
(1) Huddleson has drawn attention to the fact that on a liver infusion agar medium of slightly acid reaction and rich in organic sulphur, the abortus varieties liberate a considerable quantity of hydrogen sulphide within from twenty-four to forty-eight hours at 370 C., while recently isolated melitensis strains fail to liberate any, or liberate only a very slight amount. The distinction, however, is not always sharp, and the test suffers from the defect that the particular medium recommended is not capable of standardization and the quantity of hydrogen sulphide formed will vary with the available organic sulphide content of the medium. In addition, a better method of measuring the quantity of hydrogen sulphide than by the use of lead acetate paper is desirable. Under standardized conditions, however, this test night prove of value and in any case it should repay further study.
(2) The bacteriostatic action of dyes: Following the work of Churchman, Tiuddleson and Abell showed that the Brucella species differed in their resistance to the antiseptic action of methyl-violet. Briefly, it is stated that a concentration of 1 : 100,000 of methyl-violet in a solid medium permits the growth of Br. melitensis, retards that of bovine Br. abortus, and totally inhibits that of porcine Br. abortus. An examination of the published tables, however, shows some overlapping of bovine Br. abortus by feeble resistant Br. melitensis strains, and of porcine Br. abortus by bovine. Huddleson has recently stated that basic fuchsin in a concentration of 1 : 50,000 inhibits the growth of porcine Br. abortus but not bovine Br. abortus or Br. melitensis, and another dye, thionin, in similar concentration inhibits bovine Br. abortus but not porcine strains or Br. melitensis. Confirmation of this work is awaited.
On the whole, the method of dye bacteriostasis is a notable advance in the differentiating tests, but these tests demand the most accurate standardization of the dyes employed. Like the foregoing, it is a method which should repay further study.
(3) Serological differentiation. By the agglutinin-absorption test the Brucella organisms may be arranged in a number of groups; Miss Evans has recognized eight such groups. Some of these are fairly sharply defined and the species pure, but others are poorly defined, and although pure Br. melitensis groups have been found, the Br. abortus groups are overlapped by apparent Br. melitensis strains. These discrepancies may have arisen in some measure from the use of old strains unsatisfactory for purposes of serological study, strains of uncertain origin or strains from human sources which were labelled "M. melitensis" at a time when abortus infection of man had not yet been recognized.
The last word on serological grouping of the species has not been said. Serological distinctions are sufficiently marked to justify further study starting de novo with freshly isolated authentic strains specifically identified as far as possible by the other means available.
Amongst other differentiating tests, the method of Ficai and Alessandrini, based on the alleged greater thermal stability of agglutinins specific for Br. abortus, and that of Vercellana and Zanzucchi, depending on the greater susceptibility of Br. melitensis to flocculation by dilute solutions of lactic acid, have proved untrustworthy.
Regarding animal experiments, the Brucella species undoubtedly exhibit differences in their virulence for particular animals. Time will not permit a discussion of this subject, but it should not be overlooked that individual strains of a species may also exhibit differences in virulence.
It will be seen that although a great deal of work has been done on the differentiation of the Brucella group, much remains to be done, chiefly in perfecting methods already in use.
Epidemiology.-With regard to the epidemiology of Br. abortus infections of man, infection by both bovine and porcine varieties of Br. abortus through contact with sick or aborting animals, or their carcases, has been proved in many cases, but the great majority of infections cannot be traced to any such mechanism. Suspicion points strongly to cow's milk as the vehicle of infection, but the peculiar sporadic distribution of the cases makes proof of this difficult. To quote Bevan's experience in Rhodesia: "It rarely happens that more than one member of a family is affected, and in at least two instances, residents on infected farms have escaped, while a visitor, or a recently arrived farm pupil, has become infected."
Except that the disease is rare amongst young children, age, sex, and occupation seem to bear no relation to its incidence. In determining the sporadic distribution of the cases, it must be remembered that only those of clinically manifested disease have been taken into account, and no real attempt has been made to determine the incidence of infection, because the possibility of latent infection seems to have been overlooked.
Individual susceptibility both to infection and to clinical disease may play a part. With the more virulent Br. melitensis infection some persons develop a very severe relapsing disease extending over two, five or even seven years, sometimes with long latent periods, others exhibit only a comparatively mild disease ending in apparent recovery after a few months or even weeks, and others still, as shown by Shaw, may present no clinical manifestation whatever.
It is reasonable to assume that the less virulent Br. abortus may give rise to similar mild cases and latent infections, and for this reason it is desirable that when a case occurs in a family, the other members of the household or other persons similarly exposed to the milk infection should, if possible, be examined bacteriologically or serologically. In this way we may obtain more accurate data regarding the distribution of the infection. It is a fact that in the United States, Denmark, England and elsewhere, large numbers of sera from cases not previously diagnosed as undulant fever have been examined, and a variable percentage found to agglutinate Brucella organisms.
These sera, collected primarily for the typhoid Widal or the Wassermann test, were presumably morbid, and it is amongst the negatives from these tests that we should seek reactors to Br. abortus. It was in this way that the widespread distribution of abortus fever in Denmark and elsewhere was brought to light. In Harrison and Wilson's series in England 5-41% of 998 Wassermann negative sera reacted with Br. abortus in titre of 1: 10 or higher. Researches of this kind should be conducted in all areas where epizootic abortion of animals is known to occur, and, whenever possible, a bacteriological examination of reactors should be made with the object of recovering the infecting organism. For purposes of comparison or to detect latent infections, mass examinations of sera from apparently healthy persons using unpasteurized milk in areas where the animal disease exists, should be carried out; senior school children or inmates of institutions might be suitable subjects.
Is this Disease a New One ?-The question is asked frequently. " Is this a new disease, or merely one that has been unrecognized in the past? " I think that the evidence does not tend to support the assumption of a new, and consequently progressive, disease. In nearly all countries where epizootic abortion of domestic stock is rife a very diligent search has revealed the existence of human infection.
On the other hand it is difficult to believe that a disease so closely allied to Mediterranean undulant fever, with its striking clinical features, could have remained so long unrecognized. The abortus fever in Europe and America, so far as the published reports inform us, in all but a few cases seems to present a much less severe clinical picture than that of the Mediterranean disease. However, deaths from abortus infection have been recorded from Rhodesia, the United States and Denmark: in the last-named country with 500 cases reported annually, the death-rate from the disease is between 2% and 3%, that is, about the same as in Mediterranean undulant fever.
That the disease is increasing in certain countries, such as Rhodesia and the United States seems to be true, but in these instances the human infection has merely followed the overflow of the animal disease into new areas, and it is significant that in both of these countries the porcine variety of Br. abortus, or a type very closely resembling it, seems to be largely responsible for the disease in man, even though the cow is the actual source of infection.
Mr. L. P. Pugh: I wish to say a few words in connection with the animal side of the subject under discussion, more especially with reference to the vexed question of the use of live cultures of Br. abortus in the handling of outbreaks of contagious abortion in cattle. Whether future evidence will justify the continuance of the use of live vaccine is difficult to predict at the moment; but I hope to show you the reason why the Ministry of Agriculture and veterinarians have employed this form of vaccination and the justification for that use.
In order to illustrate my points I will quote some of the conclusions that Captain Dalrymple-Champneys drew from the evidence he collected:-(5) Contagious abortion of cattle is known to be extremely prevalent in this country, though no statistical evidence as to its incidence is available, and it is the cause of very serious financial loss to cattle breeders.
(6) It is known that cows infected with contagious abortion often become chronic carriers of the infective organism (even though they may never abort), and continue to excrete it over very long periods in their milk, either continuously or intermittently.
(8) The treatment of infected herds by vaccination with living cultures of Br. abortius is very popular in some countries, and is generally regarded as having a prophylactic value in certain cases, but there is evidence suggesting that this practice may not be free from danger, since the animals so infected, may become chronic carriers of the disease, and continue to excrete the infective organism in their milk over long periods. The policy of cleansing herds of contagious abortion by the elimination and exclusion of reactors to the agglutination test has proved very successful, both in this country and in America, entirely free from danger, and is considered by many observers as being preferable to vaccination.
It is certainly true, as Captain Dalrymple-Champneys has said, that Br. abortus infection of cattle is very common in this country; many competent observers estimate that over 80% of our herds have the disease, either in an active or else in a chronic form. The losses, direct or indirect, can be counted in millions of pounds and may be classified roughly under the following heads: (1) Loss of calves.
(2) Loss of milk. (3) Loss of life, bodily condition, etc., as a result of metritis and other septic sequele. (4) Losses due to sterility. (5) Loss due to replacements, to keep up milk contracts.
The greatest loss is occasioned through septic sequele leading to sterility, and it is a loss which is the least apparent to the outside world.
The Ministry of Agriculture recommends that when the disease is proved in a herd, the affected animals should be isolated and the rest of the cattle subjected to the agglutination test, all reactors to be isolated and treated as a separate unit. If, however, this method fails, or if the disease has a firm hold, then they recommend the use of a live culture of Br. abortus given subcutaneously at such a time that the organisms are not likely to take up their position in the uterus, i.e., heifers are inoculated six to eight weeks before pregnancy, and cows are treated as soon as the puerperal period is over.
In practice it has been the general experience of breeders and farmers that losses coming under the afore-mentioned headings are very greatly reduced, so that the farmer can be promised with a good deal of assurance that he will have a regular supply of calves and milk if live vaccination is carried out. From an economic point of view this assurance is most important and valuable, and once a farmer has had experience of treatil)g a herd by this method he will seldom go back to the more hazardous method of isolation.
The farmer, unfortunately, cannot follow the counsel of perfection advocated by wealthy herd owners in this country and in America, i.e., to eliminate all reactors. It is certainly true that a herd can ultimately be cleared of Br. abortus infection by the continuous application of the agglutination test, and the ruthless elimination of reactors, and as Captain Dalrymple-Champneys says, it is certainly safe-to the eliminator. But what is to be done to the reactors ? An owner of cattle, unless he is a philanthropist, cannot butcher his best milch cows because they happen to harbour Br. abortus It can be taken as almost a certainty that, if a farmer decides to get rid of reactors, the latter will ultimately find their way into the open market and so enter other herds. I believe the elimination of Br. abortus infection of cattle in this country by isolation and destruction of reactors to be economically impracticable, more especially when one considers the fact that schemes are being discussed at the moment for the destruction of all tubercular cattle.
Captain Dalrymple-Champneys points out that the abortion rate in a herd automatically falls in the second and third years of an outbreak. This is certainly true up to a point. But what about all the young heifers and cows coming along in the presence of so many " carriers," and what of the freshly imported cows, brought in to make up the wastage of the first year of the outbreak ? Of course they contract the disease, and as the outbreak wears on (and incidentally wears out the farmer) so increases the virulence of the secondary septic organisms that gain entrance to the uteri of aborters, and sets up various forms of metritis. So virulent at times do these in vaders become that even if cows calve down normally on these premises, they fall victims to puerperal infection of a more or less serious nature, and sterility follows.
Quite apart from these arguments, I do not believe there is any evidence to suggest that more carriers result from the artificial inoculation of the organism than result from a natural outbreak of the disease in a herd.
There is a good deal of evidence to suggest that it is the actual handling of infected material that is likely to be the source of danger to lhuman beings. The discharge from an aborting or recently aborted cow is by far the most dangerous in this respect. If, therefore, by the judicious use of a live vaccine one can prevent this accident and render the animal in such a state of immunity that she only eliminates the organism in relatively small numbers, surely this procedure must receive the approval of those responsible for the health of man rather than the reverse.
There is one further constructive suggestion that I would like to make. When a cow is inoculated with the live vaccine, she may possibly eliminate the live organisms in large numbers in her milk and urine for a number of days. If on investigation this should prove to be the case, then it would appear necessary to control inoculated animals for the number of days that would be determined by such an investigation.
Brucella infection of pigs appears to be uncommon in this country at the moment, but in view of what the essayists have said to-night, I think that closer search may reveal that the disease is more prevalent than is at present apparent. Such an investigation is imperative, since judging from American findings it would appear that the porcine strain of Br. abortus is more pathogenic to man than the pure bovine strain.
In conclusion, therefore, I put forward the following points for consideration:
(1) That there is no evidence that the number of Br. abortuts " carriers " will be greater following vaccination than would result from the natural disease.
(2) That the complete elimination of reactors to the agglutination test for Br. abortus, from herds in this country, is economically impracticable.
(3) That vaceiniation with the live organisms at the correct period is, from the owner's point of view, the soundest policy to adopt in seriously affected herds.
(4) That live vaccination, by preventing the m-iajority of abortions, and therefore the handling of highly infected inaterial, will tend to protect human beings from the commonest source of inassive infection.
(5) That investigation of the immediate fate of the live organismis injected should be carried out, as there may be a serious elimination of organisms from the cows imlimediately following this procedure. Dr. P. Manson-Bahr said he had had experience of seven cases of undulant fever contracted from goat's milk in the tropics or subtropics during the last eight years, and during that period had seen three cases of " abortus fever" in man. His contribution to the discussion could only be from the clinical aspect, and his impression was undoubtedly that abortus fever was a much milder disease and ran a much shorter course, terminating usually in the third or fourth month; whereas as was known, undulant fever was protracted for a year or more. He thought that the initial symptoms might be different in abortus fever. In the cases he had seen, pain on lateral movement of the eyes, pain in the alveolar margins of the jaw, parotitis and orchitis were in evidence as prodromal symptoms. So much so that one patient was fitted with new glasses by his oculist, and had several teeth extracted by his dentist, while his case was finally diagnosed as one of "testicular mumps"! He (the speaker) had tried a number of methods of treatment, but was not convinced of the benefit of any particular one. With regard to vaccine treatment it was necessary to keep an open mind. His own belief was that it tended to modify the disease, but not to shorten its course. As regards diagnosis, he had found the intradermal test of Burnet, or the " melitene" reaction, of distinct value. Dr. G. S. Wilson said that the distribution of abortus fever in this country might be wider than was generally supposed. In Denmark, Kristensen had examined 6,505 Wassermann sera by the complement-fixation reaction, taking a positive reaction in a serum dilution of 1/20 as suggestive of infection with Br. abortus; of these sera, thirty-one, or 0 -48%, had reacted positively. In this country Harrison and Wilson had examined 998 Wassermann sera by the agglutination test and had found that 7, or 0 -7%, agglutinated Br. abortus to 1/80 or over. Again, Kristensen had examined 4,623 Widal sera, and found that 500, or 11%, agglutinated Br. abortus at 1/100 or over; while Harrison and Wilson in this country, examining fifty-two Widal-negative sera, had found that six, or 12%, reacted to 1/80 or over. These figures suggested that infection with Br. abortus might be as widespread as in Denmark. The epidemiology of the disease was very puzzling; most of the clinical cases occurred in young men-an incidence quite different from what one would expect if the disease was usually contracted by drinking infected milk. Kristensen had obtained evidence to suggest that the majority of the cases were due to direct infection from contact with aborting animals, and not to indirect infection from consumption of milk. Since about 9% of samples of milk in one part of this country were found to contain Br. abortus, it seemed probable that many children must become infected with this organism, though the infection did not appear to give rise to clinical symptoms. To ascertain the extent of this latent infection it might be advisable to examine the glands of a series of children dying from various causes Dr. Tom Hare said that there was a division of opinion in the veterinary profession of Great Britain to-day as to the best prophylaxis of contagious bovine abortion, which was thought to be the most widespread bovine disease in the country. Supporters of the use of live "anti-abortion vaccine," as Mr. Pugh had so ably shown, were able to justify their policy as a means of saving the money of one type of stockowner. Vaccination, however, was antagonistic to the interests of the pedigree stockowner, who was required to keep his herds free from the disease, whether it was naturally or artificially acquired; to such owners the policy of the hygienist was the best business proposition. Discussion upon these mutually destructive policies would not answer the fundamental question, viz.: Had the live vaccine reduced the incidence of contagious abortion in Great Britain ?
This vaccine was introduced and recommended some fifteen years ago by the Ministry of Agriculture as the best preventive of bovine contagious abortion.
In spite of doubts entertained by certain qualified judges as to the reliability of the Ministry's field experiments, and in spite of the greater part of the veterinary profession being unprepared to understand the application of the vaccine, the Ministry found it expedient to satisfy the clamour of agriculture that something should be done to save their pockets. He maintained that the Ministry of Agriculture was not above criticism for having failed accurately to observe the effects of their action. However, since the Ministry had not provided the country with indisputable statistics, it was not possible to determine whether active immunization by means of the live vaccine had reduced the inc'idence of the disease in Great Britain. He suggested the desirability of encouraging the Minister of Agriculture to institute such inquiry as would provide the country with indisputable information as to the incidence of the disease' and the best means of preventing it. If Captain Dalrymple-Champneys' prediction proved substantially well-founded, that in Great Britain infection was conveyed to man through contact with diseased animals or their products, then the information required from the Minister of Agriculture would be of as vital interest to the medical as to the veterinary profession.
Dr. E. W. Goodall said that most clinicians with lengthy experience of acute infectious diseases in this country had met with cases of continued fever which had puzzled them. Sir James Goodhart published a paper in the Guy's Hospital Reports' forty-one years ago on such cases under the title of "Innominate Fever," and some of the cases and charts given in that-paper might well be those of Brucella infection. There could be little doubt that the infection had been present in past times, and had been diagnosed as " typhoid," " influenza,'" continued fever," and so forth. How long did the agglutinins persist in the blood and could the absence of agglutinins be taken as evidence that a person had never suffered from a Brucella infection? Was there any clinical evidence of mutual immunity between Br. melitensis and Br. abort-us infection, as there was between typhoid and paratyphoid?
He thought that more would have been said as to the method of dissemination of the disease. In the discussion attention had been directed chiefly to milk infection.
In the Journal of Infectious Diseases for October, 1929, xlv, 271, there was a, paper by Hardy, Hudson and Jordan, entitled " The skin as a portal of entry in Br. melitensis infections." The authors had investigated the occurrence of the disease in Iowa, U.S.A., in a factory for making sausages and similar articles of food from pigs, in which about 3,500 pigs were killed daily. There was evidence that contagious abortion occurred in those animals. The infection was met with most frequently amongst those employees who were engaged in killing the animals and cutting up the carcases, that is in handling fresh tissues and organs. These authors also found that the cases of undulant fever occurring in that neighbourhood amongst farm-workers were chiefly amongst the males, that is, those persons who were specially likely to handle infected animals. In milk-borne infections the evidence was about the same in males and females, so that a person's occupation might be a factor in the incidence. The authors had also carried out certain experiments in guineapigs, which bore out their contention that infection might be conveyed through the abraded skin.
Dr. J. D. Rolleston said that though he had had no practical experience of undulant fever, he had in his capacity of medical superintendent of a fever hospital taken a considerable interest in the disease for some time and had recently summarized the literature on the subject from British and foreign journals.' Although he had had nearly thirty years' experience of fever hospital work, he could not recall any case whose course corresponded to the descriptions of undulant fever. Dr. J. E. MacCartney, the director of Pathological Services of the Metropolitan Asylums Board, had just informed him that though it had been the practice for the last eighteen months to examine for agglutination of Br. abortus all the serums sent from the Board's hospitals for the Widal reaction, there had been only one case in which such an agglutination had been obtained, but it was of very short duration, as in the following week the result was negative.
As a former President of the Section for the Study of Disease in Children, he had been particularly interested by the fact, to which Madsen,2 of Copenhagen, among others, had drawn attention, that the members of the community who consumed most milk, namely young children, were immune to the disease. Captain S. R. Douglas said that laboratory infections from B. melitensis were very common; he had personal knowledge of more than a dozen. In the case of Br. abortus derived from cattle, laboratory infections, if known, were apparently very rare, in spite of the fact that large amounts of vaccine containing living organisms were manufactured and distributed in this country. Recently, however, American workers had shown that strains of Br. abortus derived from swine frequently caused laboratory infections in man. It therefore occurred to him (the speaker) that light might possibly be thrown on the problem of human susceptibility by experiments on monkeys. For instance, it might be well worth while to ascertain if porcine strains of Br. abortus still retained their infectivity for monkeys after being passaged through cattle.
